Background: The burden of HCV among those living with HIV remains a major public health challenge. We aimed to characterize trends in healthcare-related visits (HRV) of people living with HIV (PLW-HIV) and those living with HIV and HCV (PLW-HIV/HCV), in British Columbia (BC), and to identify risk factors associated with the highest HRV rates over time.
Background
In high-income settings, HIV infection has become a chronic manageable condition [1] . Overall, HIV/AIDS associated morbidity and mortality has decreased to unprecedented levels, largely due to the widespread use of combination antiretroviral therapy (ART) [2] . People living with HIV/AIDS (PLW-HIV) now have life expectancies comparable to those observed in the general population, although variability between sub-groups remain [3] . Despite successful treatment-mediated viral suppression, premature morbidity and mortality due to non-AIDS related infectious and non-infectious comorbidities are increasingly prevalent, raising new challenges for healthcare providers and health systems [4] .
Globally, the hepatitis C virus (HCV) has become one of the most prevalent co-infection among PLW-HIV [5] . Indeed, HCV mortality has surpassed that of all other reportable infectious diseases together, including AIDS and tuberculosis, in the United States [6] . According to a recent meta-analysis, the prevalence of both HIV and HCV is the highest (82%) among people who inject drugs (PWID) [5] . In Canada, similar to the United States, 20% to 30% of PLW-HIV are also living with HCV, while the prevalence of both viruses among PWID ranges between 50% and 90% [7] [8] [9] . In addition, the presence of both viruses has been shown to increase the risk for clinical progression of HIV as well as premature mortality (despite ART), and accelerated progression of HCV-associated liver diseases [10, 11] .
Enhanced immunosenescence, resulting from HIV infection via persistent inflammatory activity and immune activation, is associated with increased morbidity and mortality [12, 13] . It is becoming increasingly evident that HCV infection also contributes to systemic immunosenescence [14] [15] [16] . Of note, HCV-related disease burden is not restricted to the liver; it extends to several conditions (immune-mediated or activated by chronic inflammation) impacting extrahepatic organs/tissues [17] . Additionally, life-style factors, socio-economic constraints, and inadequate engagement in care tend to exacerbate other comorbid conditions, further complicating clinical outcomes among some subgroups of PLW-HIV, particularly those co-infected with HCV [18, 19] .
To date, a large number of people living with HIV and HCV (PLW-HIV/HCV) have no or limited access to HCV treatment. However, very recently, the healthcare landscape in British Columbia (BC), Canada, has been rapidly transforming with the advent of highly efficacious and tolerated HCV direct-acting antiviral therapies, resulting in a steady increase in the number of individuals accessing this life-saving therapy [20, 21] . Still, there are barriers for accessing healthcare services and programs for those afflicted by these diseases that need to be identified, particularly among those who are marginalized and vulnerable in the population [20] .
Thus, the main objective of this study was to characterize the trends in healthcare-related visits (HRV) of PLW-HIV and PLW-HIV/HCV, in BC. Additionally, we aimed at identifying modifiable risk factors, associated with the highest HRV rates over time that could be targeted as potential means to minimize the disease burden of this population and on the healthcare system.
Methods

Study setting
The province of BC established the BC Centre for Excellence in HIV/AIDS Drug Treatment Program (DTP) in 1992; it has since been responsible for the distribution of antiretrovirals [22] . The DTP, funded by the provincial government, provides HIV medical care and laboratory monitoring (e.g., CD4 cell counts and viral load) for all diagnosed PLWH residing in BC at no cost, in accordance with BC's HIV therapeutic guidelines, which have largely remained consistent with those of the International Antiviral Society-USA since 1996 [23, 24] .
Study design and data
This retrospective study was carried out using data from the British Columbia Seek and Treat for Optimal Prevention of HIV/AIDS (STOP HIV/AIDS) populationbased cohort, which is derived from various linkages among provincial databases [22, [25] [26] [27] [28] [29] [30] . This cohort is briefly described in the Additional file 1. Our inclusion criteria for individuals were as follows: (i) ART-naïve individuals aged ≥18 years, (ii) enrolled in the (DTP) between January 1, 2000 and December 31, 2013, (iii) initiated ART consisting of two nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs) as backbone, plus either a non-nucleoside reverse transcriptase inhibitor (NNRTI) or a ritonavir-boosted protease inhibitor (bPI), (iv) had a CD4 count and a viral load measurement within 6 months of ART treatment initiation, and (v) had at least 6 months of follow-up. Note that we decided to exclude other initial ART regimens due to the small number of individuals who have initiated on them. Eligible individuals were followed until December 31, 2014, the last contact date (i.e., the last available laboratory test date, the last filled ART prescription refill date or the date of last encounter with the healthcare system identified in any of the STOP HIV/AIDS databases), or the date of death (all-causes).
All viral load tests and the majority of CD4 cell count tests were performed by the St. Paul's Hospital laboratories in Vancouver, BC, and were subsequently transferred to the DTP via electronic linkage. CD4 cell count tests completed at other laboratories throughout BC were manually entered into the DTP; altogether resulting in approximately 85% data capture of all CD4 cell count tests done in the province. For analytical purposes, all viral load measurements were transformed to range from < 50 (coded as 49) to > 100,000 (coded as 100,010) copies/mL. This process was necessary to account for advances in testing methodology, as previously described elsewhere [31] . CD4 cell counts were measured by flow cytometry (Beckman Coulter, Inc., Mississauga, Ontario).
Main outcome
The main outcome was the rate of HRV per individual for every 6-month interval. HRV was calculated based on records from the Medical Services Plan (MSP) billing provincial database linked to STOP HIV/AIDS cohort. MSP captures HIV and non-HIV-related inpatient and outpatient services provided by physicians and supplementary health care practitioners, as well as diagnostic procedures. The unit of analysis for the crude HRV rate was personyear, which was calculated by dividing the number of HRV by the number of person-years of follow-up in each calendar year. The corresponding 95% confidence intervals (CI) for these rates were based on the Fisher's exact test [32] . Note that we also presented the age-sex standardized HRV rates for the overall follow-up utilizing BC's population estimates as the reference [33] .
The number of HRV was derived from the MSP physician billing records, which contain the date, type and location of service, physician number, practitioner speciality and costs. Since multiple MSP database records could be associated with one unique HRV, a record was considered to be a unique HRV if it satisfied one of the following conditions:
i. If the service date, which is the date on which the service was rendered by a practitioner, was different; or ii. If the speciality number, which is a number assigned to identify the practitioner's specialty, was different; or iii. If the location of the service was different.
Once the rules outlined above were adopted, we identified the unique HRV for these individuals. Subsequently, we calculated the number of HRV in each 6-month interval for all individuals. Visits were classified as general practitioners, other healthcare practitioners, and laboratory services.
Main exposure variable
The main exposure variable of interest was HIV/HCV co-infection status, derived from the DTP database, which indicates whether PLW-HIV has ever had evidence of HCV infection (i.e., a HCV antibody positive or HCV RNA detected, as indicated by laboratory result data or physician reported status). Note that upon successful HCV treatment, individuals can become reinfected with HCV. Thus, we were only able to incorporate HCV ever status for these individuals.
Potential confounders
The confounders measured at ART initiation included: sex (male, female), risk for HIV acquisition (gay, bisexual and other men who have sex with men (MSM), PWID, MSM/PWID, Other, Unknown), initial ART regimen (NNRTI, bPI) and period of ART initiation (2000-2003, 2004-2007, 2008-2011, 2012-2013) . Several timevarying confounders, measured every year, were considered in this study, including: age (< 30, 30-39, 40-49, ≥50 years), CD4 cell count (< 50, 50-199, 200-349, ≥350 cells/mm 3 ), viral load (log 10 transformed), adherence level (< 40%, 40-79%, 80-94%, ≥95%), cumulative number of comorbid diseases (0, 1, 2, ≥3) and personyears of follow-up time. Adherence level was determined on the basis of a validated measure assessing refill compliance, which was calculated by dividing the amount of days of dispensed ART medication by the amount of days of study follow-up, for each period (presented as percentage). ART adherence calculations were derived from distinct regimen exposures for each individual [34] . PWID included individuals with past and current exposure to injection drug use. Individual comorbidities were derived from the Charlson Comorbidity Index (Additional file 1: Table S1 ) [35] . These included 16 conditions, other than HIV/AIDS (e.g., renal, liver, heart and lung diseases and cancer). These conditions were identified using International Classification of Diseases (Ninth and Tenth Revisions, Clinical Modification) diagnosis codes obtained from the STOP HIV/AIDS cohort databases based on a validated casefinding algorithm [36] .
Statistical analysis
Categorical variables were compared using the Fisher's exact test or the X 2 test, and continuous variables were compared using the Kruskal-Wallis test [37] . Based on exploratory data analyses to determine the best distribution for modeling HRV rates, non-linear mixed effects models were used assuming a Poisson distribution, the person-years of follow-up time as the offset, a log link function, a random intercept term and an autoregressive of order one working correlation matrix [38] . We have chosen these models since they are flexible in taking into account the inter-and intra-individual sources of variation, they can handle imbalanced longitudinal data, and zero-inflated models did not show any gain over the final fitted model [38, 39] . Potential confounders were selected for inclusion in the final model using a backward-selection approach, published by our group based on the work by Maldonado and Greenland [40] , that considered the magnitude of change in the coefficient of the HIV/HCV co-infection status variable. Specifically, starting with a fixed model, which considered all available variables, potential confounders were dropped one at a time, using the relative change in the coefficient for the variable related to the HIV/HCV coinfection status as a criterion, until the maximum change from the full model exceeded 5% [41] . Note that in the multivariable model, we did not adjust for risk for HIV acquisition given its high collinearity with the main study exposure. All analyses were performed using either R© version 3.3.2 (The R foundation for statistical computing, Vienna, Austria) or SAS version 9.4 (SAS, Cary, North Carolina, USA).
Results
Cohort characteristics
Overall, 4217 ART-naïve adults with a total of 615,776 HRV were initially eligible to participate in this study. 3 and had a median viral load 4.90 log 10 copies/ mL (25th-75th percentile (Q1-Q3): 4.38-5.00 log 10 copies/mL), 52% started on a bPI-based ART, 78% had adherence ≥95% during the first six months on ART, and 34% had no comorbidities while 14% had 3 or more. The median follow-up time was 4.99 (Q1-Q3: 2.50-7.98) years, in which the median number of HRV was 97 (Q1-Q3: 48-187) ( Table 1 ). This cohort comprised of 2333 (55%) PLW-HIV, 1622 (39%) PLW-HIV/HCV, and 262 (6%) whose HCV status was unknown. The distribution of study variables among those included in this analysis (N = 3955) was very similar to the original 4217 individuals described above. For the purposes of this study, those with unknown HCV status, who contributed 25,393 HRV (4% of total visits), were excluded from the subsequent analyses. As noted in Table 1 , those excluded were more likely to have risk for HIV acquisition other than MSM or PWID, a lower number of HRV and a slight shorter follow-up time.
Characteristics by HIV/HCV co-infection status
Bivariable analysis exploring associations between study characteristics and HCV co-infection status (shown in Table 2 ) revealed that PLW-HIV and PLW-HIV/HCV differed significantly in all study characteristics, except for initial ART regimen. PLW-HIV/HCV were more likely to be younger, female, PWID, initiate ART prior to 2008, have a lower CD4 cell count and viral load measurement at baseline, and maintain adherence < 40% during follow-up. Additionally, these individuals were also more likely to present with and develop a higher number of comorbidities compared to PLW-HIV. The number of PLW-HIV/HCV with moderate or severe liver disease increased substantially during follow-up (75 (5%) to 124 (8%); p-value 0.0004). Apart from liver disease, chronic pulmonary disease and cancer (all causes) were the most prevalent comorbidities (results not shown).
Trends in healthcare-related visits
The overall age-sex standardized HRV rate for PLW-HIV and PLW-HIV/HCV was 21.11 per person-year (95% CI 20.96-21.25) and 41.69 per person-year (95% CI 41.51-41.88), respectively. For PLW-HIV/HCV, visits were mainly related to methadone or buprenorphine/naloxone treatment, and not to the same extent, to laboratory tests done to monitor liver and kidney function and the hematology profile. For PLW-HIV, most visits were concerned with the latter. As demonstrated in Fig. 1a , the annual crude HRV rates in both groups have been steadily decreasing from 2000 to 2013. The decrease in HRV rates was more prominent for PLW-HIV (34.28 per person-year to 17.98 per person-year; 48% decrease; p-value < 0.0001) compared to PLW-HIV/HCV (48.57 per person-year to 33.92 per person-year; 30% decrease; p-value < 0.0001). The trends in HRV rates stratified by HIV/HCV co-infection status and by the type of HRV are illustrated in Fig. 1b . As shown, except for HRV rates related to laboratory services, PLW-HIV/HCV consistently maintained higher rates, especially those related to general practitioner visits (> 2 times higher). Note that the rates for other healthcare practitioners (which includes visits to specialists), although much lower than the HRV rates for general practitioner visits, they have been more stable over time and the difference between these groups was not as pronounced. More detailed information on these trends can be found in Additional file 1: Table S2 . The result of the multivariable confounder model showed that the adjusted HRV rate ratio for PLW-HIV/HCV in comparison to PLW-HIV was 1.18 (95% CI 1.13-1.24), after controlling for sex, age, ART era, timevarying CD4, adherence to ART, viral load and the number of comorbidities (Table 3) .
Discussion
This population-based cohort study adds to the growing body of evidence indicating that PLW-HIV/HCV incur significantly greater HRV rates relative to those only living with HIV [42] [43] [44] . It is worth noting that although PLW-HIV/HCV experienced an 18% higher rate relative to PLW-HIV, we observed a decrease in HRV rates over time among both groups, even after controlling for several confounders including disease severity and the cohort effect. Apart from HCV infection, the excess in HRV rates among PLW-HIV/HCV were at least partially attributable to the fact that these individuals had a history of injection drug use, presented later for HIV treatment, had suboptimal adherence to ART and had higher prevalence of comorbidities.
To understand the reason behind the decreasing rates over time, the reader should be aware that the study period encompasses three phases of BC's response to HIV/AIDS: the harm reduction and health service scaleup phase (2000-2005) ; the early Treatment as Prevention phase (2006) (2007) (2008) (2009) ; and the STOP HIV/AIDS phase (2010-present), during which BC's HIV therapeutic guidelines recommended ART treatment for all adults with HIV infection, regardless CD4 count [45, 46] . Throughout these phases, various HIV care initiatives have been implemented and may have attenuated the healthcare-related utilization of this population. Namely, the evolving deployment of biomedical and health service interventions (e.g., the development of improved antiretroviral drugs, substance use treatment, and medication adherence support) and structural interventions (e.g., legal and policy), which have been comprehensive described elsewhere [45] .
We should also note that both groups of individuals were linked to HIV care and receiving treatment. Most likely, if people only living with HCV were included in this analysis, we would see that these trends, in this same period, did not decrease given that, in BC, most of these individuals are not fully engaged into care. In addition, given the recent approval for use of safer, more tolerable and efficacious interferon-free direct acting antivirals-based HCV therapy, going forward, these trends will likely change, particularly for specialistrelated visits as they will be the ones mainly prescribing these medications and following these individuals. Thus, there is a need for continued monitoring and evaluation of HRV among PLW-HIV/HCV, especially since in 2017, the BC Ministry of Health has announced a provincewide expansion of HCV treatment to all of those living with HCV starting in March 2018 [21] .
The persisting disparity in HRV rates observed among PLW-HIV and PLW-HIV/HCV clearly indicates that there is a critical need for interventions that may attenuate the risk of requiring higher resource use for care among those living with both viruses. Additionally, any successful strategy to attenuate the utilization of PLW-HIV/HCV will require significant levels of treatment uptake and adherence, especially among PWID (including PLW-HIV/HCV). Our data also suggest that addressing the underlying substance use disorder may be beneficial in this regard. Furthermore, doing so would also contribute to preventing HCV reinfection, which would greatly enhance the individual and societal impact of interferonfree direct acting antivirals-based HCV therapy [47] [48] [49] . On that note, several clinical models have proved to be successful in this regard by combining services aimed to address viral hepatitis and HIV, substance use detoxification, opioid substitution, and primary care in low threshold environment, coupled with comprehensive and integrated multidisciplinary teams of health care professionals including treaters, nurses, substance use and behavioral health service providers, as well as other social support services [48] . In 2016, the BC Centre for Excellence in HIV/AIDS launched a province-wide monitoring and evaluation strategy, which will address the health needs of those living with or at risk of HCV infection, including those also living with HIV [50, 51] . The key aims of this program include the normalization of HCV testing, especially among those at higher risk; support to facilitate access to HCV and substance use treatment; extensive deployment of harm reduction strategies; and strengthening of educational programs to treat and care for this population. The implications of HIV/HCV co-infection in the context of a rapidly expanding population of aging PLW-HIV are important, particularly at a time when meeting health demands in BC, and in other highresource settings, is becoming exceedingly challenging amid fiscal constraints [52] . As PLW-HIV live longer and non-AIDS-related comorbidities continue to rise, the impact of HIV/HCV co-infection will be increasingly relevant, both from a clinical perspective and a health systems perspective. Chronic HCV infection among PLW-HIV may have contributed to the exacerbation of progressive immunosenescence, and it may be associated with premature morbidity and mortality manifested by the development of multiple comorbidities (as observed in this study) [16, 53] , further contributing to increased financial strain on healthcare systems.
The findings of the present study should be interpreted in light of several limitations. First, HIV/HCV co- 
Conclusions
In conclusion, in this retrospective study, we found that although HRV rates have been decreasing steadily over time, PLW-HIV/HCV consistently maintained higher HVR rates relative to PLW-HIV. Our results highlight several modifiable risk factors (i.e., late presentation for ART, injection drug use, sub-optimal ART adherence and comorbidities) that could be targeted as potential means to minimize the disease burden of this population and on the healthcare system. Research. OE is supported by a Canadian Institutes of Health Research doctoral award. MH has received grant support from the National Institute on Drug Abuse (NIDA R01DA031043-01). The sponsors had no role in the design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all data in the study and had final responsibility to submit for publication.
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